Hangover is caused due to complicated events of the alcohol metabolism. To study the alcohol metabolism, we have established the determination method for carbon 4 compounds such as diacetyl, acetoin and 2,3-butanediol which are metabolites of acetaldehyde, [1] [2] [3] and studied the interconversion and accumulation of these C4 compounds in rat tissues. 3, 4) Although the qualification of alcohol and acetaldehyde concentration in biological samples is inevitably important, no procedure is available so far to determine the minute amounts of alcohol and acetaldehyde in biological samples. Here I report a simple and sensitive assay method for determining minute amount of ethanol in biological samples.
volume of 1 ml. The mixture was incubated at 37°C for 30 min and deprotenized with 1 ml of 1.2 M perchloric acid. The reaction tube was incubated at 4°C for 15 min and centrifuged at 1500 g for 10 min at 4°C. Then the supernatant (1 ml) was mixed with 2,4-dinitrophenylhydrazine (0.4 mg) dissolved in 0.1 ml of 6 M HCl containing 20 nmol of butyraldehyde. The mixture was incubated at 40°C for 60 min and extracted twice with 2 ml of n-heptane. The heptane layer (3.5 ml) was placed in a 5-ml vial and evaporated using a Model SVS-100H SpeedVac Concentrator (Savant, New York, U.S.A.) at room temperature for 20 min. The residue was dissolved in 1 ml of n-hexane containing 25 ng aldrin. The areas of two peaks corresponding to syn and anti form of the hydrazones of acetaldehyde and butyraldehyde were automatically calculated.
Analytical Procedure of Ethanol in Rat Plasma Normal rat plasma (0.5 ml) was mixed with 0.5 ml of cold 1.2 M HClO 4 in 5-ml vial with a tightly fitting cap with Tefloncoated rubber and allowed to stand at 4°C. The mixture was centrifuged at 1500 g for 10 min. The supernatant (0.5 ml) was placed in another 5-ml vial with a screwed cap and neutralized with the same volumes of cold 2 M dipotassium hydrogen phosphate. The mixture was treated as described above. Concentration of ethanol was normalized with the subtraction of inherent acetaldehyde concentration which was determined by the published method.
4)
Analytical Procedure of Ethanol in Rat Tissues Fresh rat liver was perfused with ice-cold 0.15 M KCl. The liver tissue (2 g) was homogenized at 4°C in 8 ml of 0.15 M KCl with a Potter-Elvehjem homogenizer with a Teflon pestle and the homogenate was centrifuged at 4°C and 6000 g for 15 min. The supernatant solution (1 ml) was placed in a 5-ml vial with a screwed cap, mixed vigorously with 1 ml of cold 1.2 M HClO 4 and allowed to stand at 4°C for 30 min. The mixture was centrifuged at 4°C and 1500 g for 15 min. The supernatant (1 ml) was treated as described above.
Ethanol Concentration in Rat Plasma after Ethanol Administration 20% ethanol were given orally to rats (1 g/kg body weight). The necks were surgically opened and 500 ml of blood samples were collected from jugular vein at 20, 40, 60, 80, 100 and 120 min after ethanol administration. Ethanol in blood samples was determined as above.
Ethanol Concentration in Rat Tissues after Ethanol
Administration In order to study ethanol distribution in rat tissues, 20% ethanol were orally administered to rats at a dose of 1 g/kg. At 60 min after administration, pentobarbital was given intraperitonally and tissues were isolated. Then the tissues were homogenized with 0.15 M KCl at 4°C. Ethanol concentrations in the each samples were determined as described above. Figure 1 shows the determination principle of ethanol concentration. Ethanol at various concentrations was enzymatically converted to acetaldehyde by yeast ADH. Then acetaldehyde formed was derivatized with 2,4-dinitrophenylhydrazine to form ADPH. The resultant ADPH was determined by gas chromatography with an electron-capture detection. Figure 2a shows the chromatogram of derivatized ethanol as ADPH, which was separated in the two peaks corresponding to the syn of the former peak and anti forms of the latter peak of the hydrazone which is same pattern as in the case of butyraldehyde. Figure 2b shows the calibration curve of ethanol. Ethanol at 1 to 4 mM was derivatized. The peak area ratio ethanol/butyraldehyde (y) was proportional to the ethanol concentration (x, mM) according to the equation; yϭ0.1427xϮ0.0008, r 2 ϭ0.999. The determination limit was 100 fmol and the detection limit was 10 fmol as injection amounts to GLC.
RESULTS AND DISCUSSIONS

Gas Chromatography and Calibration Curve of Ethanol
Recovery Test For the purpose of applying this procedure to biological samples, recovery tests were carried out. Various amounts of ethanol (10-40 nmol) were added to 500 ml of 6000 g sup. of rat liver homogenates and blood plasma of normal rat and the amounts of ethanol were measured. The recoveries were calculated from the calibration curve. The results are shown in Table 1 , indicating the recoveries of 98.1Ϯ0.72 and 98.0Ϯ0.91% of ethanol added, for rat liver homogenate and rat plasma, respectively.
Ethanol Concentration in Biological Samples
We tried to quantify ethanol concentration in biological samples. 20% alcohol solution was orally administered to rat and the plasma was used for the determination after 60 min. The chromatogram of ADPH derived from plasma was shown in Fig. 3a . ADPH appeared as two peaks in the chromatogram at ca. 12 min after injection with more than 98% of recoveries indicating ethanol in rat plasma can be determined precisely. Internal acetaldehyde Fig. 3b shows the time course of plasma ethanol. The levels of ethanol in plasma raised to plateau (ca. 8 mM) within 20 min after administration and its concentration maintained more than 2 h. We determined the ethanol concentration in various tissues with or without ethanol administration. As summarized in Table 2 , the highest concentration of ethanol was found in plasma, then liver and brain in this order, while ethanol concentration in kidney and brain was somewhat lower. The total amount of ethanol in these organs corresponded to 0.5% of administered ethanol. It is interesting that considerable amount of ethanol was found in normal rat tissues except muscle, even if alcohol is not administrated. Thus the method presented here is sensitive and simple. Ethanol concentration in only 1 ml of plasma sample can be measured within a few hours.
In 1992, Tagliaro et al. reviewed methodologies of blood alcohol determination.
6) The head-space gas chromatogra-1640 Vol. 25, No. 12
Fig. 1. Principle for the Determination of Ethanol
Ethanol at various concentration was enzymatically converted to acetaldehyde by yeast ADH. Then acetaldehyde formed was derivatized with 2,4-dinitrophenylhydrazine to form ADPH. The hydrazone was determined by gas chromatography with an electron-capture detection (ECD).
Fig. 2. Gas Chromatogram and Calibration Curve of Ethanol
a) Authentic ethanol (4 mM) was derivatized with standard determination method, then injected to gas chromatography. The peaks of ethanol derived ADPH appeared at 12 min after injection. b) Calibration curve of ethanol: Various amounts of ethanol were derivatized to ADPH and dissolved in n-hexane. 1 ml was injected into the gas chromatograph. The areas of two peaks due to syn and anti form of ADPH and peaks from butyraldehyde were calculated by a Chromatopac integrator. The peak area ratios (y) ethanol/butyraldehyde were plotted against ethanol concentration (x). phy with flame ion detector (FID) is generally accepted for blood alcohol determination. However the FID method with head-space has the problem of the formation of artifactual acetaldehyde due to elevated temperature. In addition, the method is hardly acceptable for biological samples because of its low sensitivity. In contrast, the method presented here has much higher sensitivity with selectivity and no artifactual acetaldehyde formation. The determination limit of ethanol is 100 fmol which is sufficient to measure ethanol concentration in normal rat or human biological fluid samples. As conclusion, the use of gas chromatography with ECD and 2,4-dinitrophenylhydrazine is responsible for the simple, specific and sensitive determination method for ethanol in biological samples, which will be used widely and routinely in future. Values are meansϮS.D. (nϭ3). a) nmol/ml, b) mmol/ml. Fresh rat tissues were homogenized and centrifuged at 4°C and 6000 g for 15 min. The supernatant solution (1 ml) was deproteinised with HClO 4 . The deproteinised supernatant (1 ml) was treated as described in Materials and Methods. Fig. 3 . Gas Chromatogram and Ethanol Concentration in Plasma of Rat after Administration of Ethanol a) ADPH (derived from ethanol in plasma of rat administered ethanol): Deprotenized blood plasma of rat (1 ml) was treated as described in Materials and Methods. b) Ethanol was orally administered (1 g/kg body weight). The neck was opened and 500 ml of blood samples were collected from jugular vein at 20, 40, 60, 80, 100 and 120 min after ethanol administration. Ethanol in blood samples was determined by GLC with ECD.
